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h Crystal structure of dihydropyrimidineChosen by Robert Liddington,* Christin Frederick,†
Stephen D. Fuller,‡ and Sophie Jackson§ dehydrogenase, a major determinant of the
pharmacokinetics of the anti-cancer drug*Program on Cell Adhesion
The Burnham Institute 5-fluorouracil. Doreen Dobritzsch, Gunter
Schneider, Klaus D. Schnackerz, and Ylva10901 North Torrey Pines Road
La Jolla, California 92037 Lindqvist (2001). EMBO J. 20, 650–660.
†Laboratory of X-ray Crystallography Dihydropyrimidine dehydrogenase catalyzes the first
Dana-Farber Cancer Institute step in pyrimidine degradation: the NADPH-dependent
44 Binney Street reduction of uracil and thymine to the corresponding
Boston, Massachusetts 02115 5,6-dihydropyrimidines. The crystal structure of the ho-
‡Division of Structural Biology modimeric pig liver enzyme (23 111 kDa) reveals a highly
Wellcome Trust Centre for Human Genetics modular subunit organization, consisting of five do-
Henry Wellcome Building for Genomic Medicine mains with different folds: two FAD, two FMN and eight
Roosevelt Drive [4Fe–4S] clusters, arranged in two electron transfer
Headington, Oxford chains that pass the dimer interface twice. Two of the
OX3 7BN Fe–S clusters show a novel coordination involving a
United Kingdom glutamine residue. The ternary complex of an inactive
§Department of Chemistry mutant of the enzyme with bound NADPH and 5-fluoro-
University of Cambridge uracil reveals the architecture of the substrate-binding
Lensfield Road sites.
Cambridge CB2 1EW
United Kingdom h Solution structure of the focal adhesion
adaptor PINCH LIM1 domain and
characterization of its interaction with the
integrin-linked kinase ankyrin repeat domain.
A selection of interesting papers that were published in Algirdas Velyvis, Yanwu Yang, Chuanyue Wu,
the month before our press date in major journals most and Jun Qin (2001). J. Biol. Chem. 276, 4932–4939.
likely to report significant results in structural biology, PINCH is a recently identified adaptor protein that com-
protein and RNA folding. prises an array of five LIM domains. The LIM1 domain
of PINCH interacts with integrin-linked kinase (ILK),
thereby mediating focal adhesions via a specific integ-
h A novel all helix fold of the AP180 amino- rin/ILK signaling pathway. The NMR structure of the
terminal domain for phosphoinositide PINCH LIM1 domain contains two contiguous zinc fin-
binding and clathrin assembly in synaptic gers. A chemical shift mapping experiment identified
vesicle endocytosis. Yuxin Mao, Jue Chen, regions in PINCH LIM1 that are important for interaction
Jennifer A. Maynard, Bing Zhang, and Florante with ILK. Comparison with other LIM domains indicated
A. Quiocho (2001). Cell 104, 433–440. that the LIM motif might have a highly variable mode in
Clathrin-mediated endocytosis plays a major role in re- recognizing various target proteins
trieving synaptic vesicles from the plasma membrane
following exocytosis. This endocytic process requires h Crystal structure of the iron-dependent
AP180 (or a homolog), which promotes the assembly regulator from Mycobacterium tuberculosis
and restricts the size of clathrin-coated vesicles. The at 2.0-A˚ resolution reveals the Src homology
highly conserved 33 kDa amino-terminal domain of domain 3-like fold and metal binding
AP180 plays a critical role in binding to phosphoinosi- function of the third domain. Michael D. Feese,
tides and in regulating the clathrin assembly activity Bjarni Pa`ll Ingason, Joanne Goranson-Siekierke,
of AP180. The crystal structure of the amino-terminal Randall K. Holmes, and Wim G. J. Hol (2001).
domain reported herein reveals a novel fold consisting J. Biol. Chem. 276, 5959–5966.
of a large double layer of sheets of ten a helices and a Iron-dependent regulators are primary transcriptional
unique site for binding phosphoinositides. The finding regulators of virulence factors and iron scavenging sys-
that the clathrin-box motif is mostly buried and lies in tems that are important for infection by several bacterial
a helix indicates a different site and mechanism for bind- pathogens. The crystal structure of the wild type iron-
ing of the domain to clathrins than previously assumed. dependent regulator from Mycobacterium tuberculosis
reveals the Src homology domain 3-like third domain.
This domain is one of the rare examples of Src homology
domain 3-like folds in bacterial proteins, and, in addition,
displays a metal binding function by contributing two
ligands, one Glu and one Gln, to the pentacoordinated
cobalt atom at metal site 1.
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h Crystal structure of the SMC head domain: an stranded DNA may be threaded during unwinding.
Homologs of all five conserved sequence motifs ofABC ATPase with 900 residues antiparallel
coiled-coil inserted. Jan Lo¨we, Suzanne C. the DnaB-like helicase family are found in RepA, and the
topography of the monomer resembles RecA and theCordell, and Fusinita van den Ent. (2001). J.
Mol. Biol. 306, 25–35. helicase domain of the bacteriophage T7 gp4 protein.
The mechanism of DNA unwinding remains elusive, asSMC (structural maintenance of chromosomes) proteins
RepA is 6-fold symmetric, contrasting the recently pub-are large coiled-coil proteins involved in chromosome
lished asymmetric structure of the bacteriophage T7condensation, sister chromatid cohesion, and DNA dou-
gp4 helicase domain.ble-strand break processing. They share a conserved
five-domain architecture with three globular domains
h The UBX domain: a widespread ubiquitin-likeseparated by two long coiled-coil segments. The coiled-
module. Alexander Buchberger, Mark J.coil segments are antiparallel, bringing the N and
Howard, Mark Proctor, and Mark Bycroft (2001).C-terminal globular domains together. The authors have
J. Mol. Biol. 307, 17–24.expressed a fusion protein of the N- and C-terminal glob-
ular domains of SMC by replacing the approximately The UBX domain is an 80 amino acid residue module
900 residue coiled-coil and hinge segment with a short that is present typically at the carboxyl terminus of a
peptide linker. The SMC head domain (SMChd) binds variety of eukaryotic proteins. In an effort to elucidate
and condenses DNA in an ATP-dependent manner. The the function of UBX domains, we solved the three-
crystal structure of the SMChd reveals a fold that is dimensional structure of the UBX domain of human Fas-
closely related to the ATP-binding cassette (ABC) associated factor-1 (FAF1) by NMR spectroscopy. The
ATPase family of proteins. In SMChd, the ABC ATPase structure has a b-Grasp fold characterized by a
fold is formed by the N- and C-terminal domains with b2b2a2b2b2a2b secondary-structure organization.
the 900 residue coiled-coil and hinge segment inserted The five b-strands are arranged into a mixed sheet in
in the middle. the order 21534. The longer first helix packs across the
first three strands of the sheet, and a second shorter 310
h Structural basis of diverse sequence- helix is located in an extended loop connecting strands 4
dependent target recognition by the 8 kDa and 5. In the absence of significant sequence similarity,
dynein light chain. Jing-Song Fan, Qiang Zhang, the UBX domain can be superimposed with ubiquitin
Hidehito Tochio, Ming Li, and Mingjie Zhang with an r.m.s.d. of 1.9 A˚, suggesting that the two struc-
(2001). J. Mol. Biol. 306, 97–108. tures share the same superfold, and an evolutionary
relationship. However, the absence of a carboxyl-termi-Dyneins are multi-subunit molecular motors that translo-
nal extension containing a double glycine motif and ofcate molecular cargoes along microtubules. The 89-resi-
suitably positioned lysine side-chains makes it highlydue subunit of dynein light chain (DLC8) regulates a
unlikely that UBX domains are either conjugated to othernumber of other biological events by binding to various
proteins or part of mixed UBX-ubiquitin chains. Data-proteins and enzymes. The DLC8-binding domains are
base searches revealed that most UBX domain-con-confined within a short, continuous stretch of amino
taining proteins belong to one of four evolutionarily con-acid residues. Here, the three-dimensional structures of
served families represented by the human FAF1, p47,DLC8 complexed with two peptides corresponding to
Y33K, and Rep8 proteins. A role of the UBX domain inthe DLC8-binding domains of neuronal nitric oxide syn-
ubiquitin-related processes is suggested.thase and Bim. Although the two DLC8-binding peptides
have entirely different amino acid sequences, both pep-
h Detection of two partially structured species intides bind to the protein with a remarkably similar con-
the folding process of the amyloidogenicformation by engaging the symmetric DLC8 dimer
protein 2-microglobulin. Fabrizio Chiti, Palmathrough antiparallel b-sheet augmentation. Structural
Mangione, Alessia Andreola, Sofia Giorgetti,comparison indicates that the two target peptides use
Massimo Stefani, Christopher M. Dobson,different regions within the conformational flexible pep-
Vittorio Bellotti, and Niccolo` Taddei (2001).tide-binding channels to achieve binding specificity.
J. Mol. Biol. 307, 379–391.
h Crystal structure of the hexameric replicative 2-Microglobulin is a small, major histocompatibility
helicase RepA of plasmid RSF1010. Timo complex class I-associated protein that undergoes ag-
Niedenzu, Dietmar Ro¨leke, Gabrielle Bains, gregation and accumulates as amyloid deposits in hu-
Eberhard Scherzinger, and Wolfram Saenger man tissues as a consequence of long-term hemodialy-
(2001). J. Mol. Biol. 306, 479–487. sis. The folding process of this amyloidogenic protein
has been studied in vitro by diluting the guanidine hydro-Unwinding of double-stranded DNA into single-stranded
intermediates required for various fundamental life pro- chloride-denatured protein in refolding buffer at pH 7.4
and monitoring the folding process by means of a num-cesses is catalyzed by helicases, a family of mono-,
di- or hexameric motor proteins fueled by nucleoside ber of spectroscopic probes that allow the native struc-
ture of the protein to be detected as it develops. Thesetriphosphate hydrolysis. The three-dimensional crystal
structure of the hexameric helicase RepA encoded by techniques include fluorescence spectroscopy, far and
near-UV circular dichroism, 8-anilino-1-naphthalenesul-plasmid RSF1010 is described here. The hexamer shows
an annular structure with 6-fold rotational symmetry and fonic acid binding, and double jump assays. All spectro-
scopic probes indicate that a significant amount ofa z17 A˚ wide central hole, suggesting that single-
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structure forms within the dead-time of stopped-flow h Solution structure of ERK2 binding domain of
MAPK phosphatase MKP-3: structural insightsmeasurements (,5 ms). The folding reaction goes to
completion through a fast phase followed by a slow into MKP-3 activation by ERK2. Amjad Farooq,
Gaurav Chaturvedi, Shiraz Mujtaba, Olgaphase, whose rate constants are ca. 5.1 and 0.0030 s21
in water, respectively. Unfolding-folding double jump Plotnikova, Lei Zeng, Christophe Dhalluin,
Robert Ashton, and Ming-Ming Zhou (2001).experiments, together with the use of peptidyl prolyl iso-
merase, reveal that the slow phase of folding of 2-micro- Mol. Cell 7, 387-399.
globulin is not fundamentally determined by cis/trans MAP kinases (MAPKs), which control mitogenic signal
isomerization of X-Pro peptide bonds. Other folding- transduction in all eukaryotic organisms, are inactivated
unfolding double jump experiments also suggest that by dual specificity MAPK phosphatases (MKPs). MKP-3,
the fast and slow phases of folding are not related to a prototypical MKP, achieves substrate specificity
independent folding of different populations of protein through its N-terminal domain binding to the MAPK
molecules. Rather, we provide evidence for a sequential ERK2, resulting in the activation of its C-terminal phos-
mechanism of folding where denatured 2-microglobulin phatase domain. The solution structure and biochemical
collapses to an ensemble of partially folded conforma- analysis of the ERK2 binding (EB) domain of MKP-3
tions (I1) which fold subsequently to a more highly struc- show that regions that are essential for ERK2 binding
tured species (I2) and, finally, attain the native state. The partly overlap with its sites that interact with the C-ter-
partially folded species I2 appears to be closely similar minal catalytic domain and that these interactions are
to previously studied amyloidogenic forms of 2-micro- functionally coupled to the active site residues of MKP-3.
globulin, such as those adopted by the protein at mildly The findings suggest a novel mechanism by which the
acid pH values and by a variant with six residues deleted EB domain binding to ERK2 is transduced to cause a
at the N terminus. Since amyloid formation in vivo origi- conformational change of the C-terminal catalytic do-
nates from partial denaturation of 2-microglobulin under main, resulting in the enzymatic activation of MKP-3.
conditions favoring the folding process, the long-lived,
partially structured species detected here might be sig- h The bacterial conjugation protein TrwB
nificantly populated under some physiological condi- resembles ring helicases and F1-ATPase.
tions and hence might play an important role in the F. Xavier Gomis-Ru¨th, Gabriel Moncalia´n, Rosa
process of amyloid formation. Pe´rez-Luque, Ana Gonza´lez, Elena Cabezo´n,
Fernando De La Cruz, and Miquel Coll (2001).
h Using chimeric immunity proteins to explore Nature 409, 637–641.
the energy landscape for a-helical protein
The transfer of DNA across membranes and betweenfolding. Neil Ferguson, Wei Li, Andrew P.
cells is a central biological process. An integral mem-Capaldi, Colin Kleanthous, and Sheena E.
brane DNA-binding protein, called TrwB in the Esche-Radford (2001). J. Mol. Biol. 307, 393–405.
richia coli R388 conjugative system, is responsible for
To address the role of sequence in the folding of homolo- recruiting the relaxosome DNA–protein complex, and
gous proteins, the folding and unfolding kinetics of the participates in the transfer of a single DNA strand during
all-helical bacterial immunity proteins Im2 and Im9 were cell mating. The crystal structure of a soluble variant of
characterized, together with six chimeric derivatives of TrwB reveals two domains: a nucleotide-binding domain
these proteins. We show that both Im2 and Im9 fold of a/b topology, reminiscent of RecA and DNA ring heli-
rapidly (2000 s21 at pH 7.0, 258C) in apparent two-state cases, and an all a domain. Six equivalent protein mono-
transitions, through rate-limiting transition states that mers associate to form an almost spherical quaternary
are highly compact (TS 0.93 and 0.96, respectively). structure that is strikingly similar to F1-ATPase. A central
Whilst the folding and unfolding properties of three of channel, 20 A˚ in width, traverses the hexamer.
the chimeras [Im2 (1-44)Im9, Im2 (1-64)Im9 and Im2 (25-
44)Im9] are similar to their parental counterparts, in other h Crystal structure of photosystem II from
chimeric proteins the introduced sequence variation re- Synechococcus elongatus at 3.8 A˚
sults in altered kinetic behaviour. At low urea concentra- resolution. Athina Zouni, Horst-Tobias Witt,
tions, Im2 (1-29)Im9 and Im2 (56-64)Im9 fold in two-state Jan Kern, Petra Fromme, Norbert Krauss,
transitions via transition states that are significantly less Wolfram Saenger, and Peter Orth (2001).
compact (TS0.7) than those characterized for the other Nature 409, 739–743.
immunity proteins presented here. At higher urea con-
Oxygenic photosynthesis is the principal energy con-centrations, however, the rate-limiting transition state
verter on earth. It is driven by photosystems I and II,for these two chimeras switches or moves to a more
two large protein–cofactor complexes located in the thy-compact species (TS0.9). Surprisingly, Im2 (30-64)Im9
lakoid membrane and acting in series. In photosystem II,populates a highly collapsed species (I 5 0.87) in the
water is oxidized; this event provides the overall processdead-time (2.5 ms) of stopped flow measurements.
with the necessary electrons and protons, and the atmo-These data indicate that whilst topology may place sig-
sphere with oxygen. This paper describes the X-raynificant constraints on the folding process, specific in-
structure of photosystem II on the basis of crystals fullyter-residue interactions, revealed here through multiple
active in water oxidation. The structure shows how pro-sequence changes, can modulate the ruggedness of the
tein subunits and cofactors are spatially organized. Thefolding energy landscape.
larger subunits are assigned and the locations and orien-
tations of the cofactors are defined.
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h Structural determinants for regulation of is achieved by DNA compression perpendicular to the
DNA helix axis at the target base pair position and relo-phosphodiesterase by a G protein at 2.0 A˚.
Kevin C. Slep, Michele A. Kercher, Wei He, cation of the partner base thymine in an interstrand
p-stacked position, where it would sterically overlapChristopher W. Cowan, Theodore G. Wensel,
and Paul B. Sigler (2001). Nature 409, 1071–1077. with an innerhelical target adenine. The extrahelical tar-
get adenine is specifically recognized in the active site,The G protein transducin, Gt, couples photon-activated
and the 6-amino group of adenine donates two hydrogenrhodopsin with the effector cyclic GMP phosophodi-
bonds activating it for direct nucleophilic attack on theesterase (PDE) in the vertebrate phototransduction
methyl group of the cofactor.cascade. The interactions of the Gt a–subunit with the
inhibitory PDE g-subunit (PDE) are central to effector
h Structure of free BglII reveals anactivation. The crystal structure of rod transducin
unprecedented scissor-like motion fora.GDP.AlF24 in complex with the effector molecule
opening an endonuclease. Christine M. Lukacs,PDE-g and the GTPase-activating protein RGS9 reveals
Rebecca Kucera, Ira Schildkraut, and Aneelinsights into effector activation, synergistic GTPase ac-
K. Aggarwal (2001). Nat. Struct. Biol. 8, 126–130.celeration, RGS9 specificity, and RGS activity. Effector
binding to a nucleotide-dependent site on Gt sequesters Restriction endonuclease BglII completely encircles its
target DNA, making contacts to both the major and mi-PDE residues implicated in PDE inhibition and potenti-
ates recruitment of RGS9 for hydrolytic transition state nor grooves. To allow the DNA to enter and leave the
binding cleft, the enzyme dimer has to rearrange. Thestabilization and concomitant signal termination.
structure of the free enzyme at 2.3 A˚ resolution demon-
strates that the enzyme opens by a dramatic “scis-h Structure of the electron transfer complex
between ferredoxin and ferredoxin-NADP1 sor-like” motion, accompanied by a complete re-
arrangement of the a-helices at the dimer interface.reductase. Genji Kurisu, Masami Kusunoki,
Etsuko Katoh, Toshimasa Yamazaki, Keizo Moreover, within each monomer, a set of residues—a
“lever”—lowers or raises to alternately sequester or ex-Teshima, Yayoi Onda, Yoko Kimata-Ariga, and
Toshiharu Hase (2001). Nat. Struct. Biol. 8, pose the active site residues. Such an extreme differ-
ence in free versus complexed structures has not been117–121.
reported for other restriction endonucleases. This ele-All oxygenic photosynthetically derived reducing equiv-
gant mechanism for capturing DNA may extend to otheralents are utilized by combinations of a single multifuc-
enzymes that encircle DNA.tional electron carrier protein, ferredoxin (Fd), and sev-
eral Fd-dependent oxidoreductases. The authors report
h The 2.0 A˚ structure of human ferrochelatase,the first crystal structure of the complex between maize
the terminal enzyme of heme biosynthesis.leaf Fd and Fd-NADP1 oxidoreductase (FNR). The redox
Chia-Kuei Wu, Harry A. Dailey, John P. Rose,centers in the complex—the 2Fe-2S cluster of Fd and
Amy Burden, Vera M. Sellers, and Bi-Cheng Wangflavin adenine dinucleotide (FAD) of FNR—are in close
(2001). Nat. Struct. Biol. 8, 156–160.proximity; the shortest distance is 6.0 A˚. The intermolec-
ular interactions in the complex are mainly electrostatic, Human ferrochelatase (E.C. 4.99.1.1) is a homodimeric
(86 kDa) mitochondrial membrane-associated enzymeoccurring through salt bridges, and the interface near
the prosthetic groups is hydrophobic. The structures of that catalyzes the insertion of ferrous iron into protopor-
phyrin to form heme. The authors have determined theFd and FNR in the complex and in the free state differ in
several ways, including the formation of a new hydrogen 2.0 A˚ structure from the single wavelength iron anoma-
lous scattering signal. The enzyme contains two NO-bond within the active site of FNR. This type of molecular
communication not only determines the optimal orienta- sensitive and uniquely coordinated [2Fe-2S] clusters.
Its membrane association is mediated in part by a 12-tion of the two proteins for electron transfer, but also
contributes to the modulation of the enzymatic proper- residue hydrophobic lip that also forms the entrance to
the active site pocket. The positioning of highly con-ties of FNR.
served residues in the active site in conjunction with
previous biochemical studies support a catalytic modelh Structure of the N6-adenine DNA
methyltransferase M;TaqI in complex with that may have significance in explaining the enzymatic
defects that lead to the human inherited disease erythro-DNA and a cofactor analog. Karsten Goedecke,
Marc Pignot, Roger S. Goody, Axel J. Scheidig, poietic protoporphyria.
and Elmar Weinhold (2001). Nat. Struct. Biol. 8,
121–125. h Crystal structure of the retaining
galactosyltransferase LgtC from NeisseriaThe 2.0 A˚ crystal structure of the N6-adenine DNA meth-
meningitidis in complex with donor andyltransferase M·TaqI in complex with specific DNA and
acceptor sugar analogs. Karina Persson,a nonreactive cofactor analog reveals a previously un-
Hoa D. Ly, Manuela Dieckelmann, Warren W.recognized stabilization of the extrahelical target base.
Wakarchuk, Stephen G. Withers, and NatalieTo catalyze the transfer of the methyl group from the
C.J. Strynadka (2001). Nat. Struct. Biol. 8,cofactor S-adenosyl-L-methionine to the 6-amino group
166–175.of adenine within the double-stranded DNA sequence
59-TCGA-39, the target nucleoside is rotated out of the Many bacterial pathogens express lipooligosaccharides
that mimic human cell surface glycoconjugates, en-DNA helix. Stabilization of the extrahelical conformation
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abling them to attach to host receptors and to evade h Crystal structure of the Holliday junction
migration motor protein RuvB from Thermusthe immune response. In Neisseria meningitidis, the ga-
lactosyltransferase LgtC catalyzes a key step in the bio- thermophilus HB8. Kazuhiro Yamada, Naoki
Kunishima, Kouta Mayanagi, Takayukisynthesis of lipooligosaccharide structure by transfer-
ring a-D-galactose from UDP-galactose to a terminal Ohnishi, Tatsuya Nishino, Hiroshi Iwasaki, Hideo
Shinagawa, and Kosuke Morikawa (2001). Proc.lactose. The product retains the configuration of the
donor sugar glycosidic bond; LgtC is thus a retaining Natl. Acad. Sci. USA 98, 1442–1447.
glycosyltranferase. The authors report the 2 A˚ crystal The authors report the crystal structure of the RuvB
structures of the complex of LgtC with manganese and motor protein from Thermus thermophilus HB8, which
UDP 2-deoxy-2-fluoro-galactose (a donor sugar analog) drives branch migration of the Holliday junction during
in the presence and absence of the acceptor sugar ana- homologous recombination. RuvB has a crescent-like
log 49-deoxylactose. As the first structures of a glycosyl- architecture consisting of three consecutive domains,
transferase in complex with both the donor and acceptor the first two of which are involved in ATP binding and
sugars, they give valuable insights into the unique cata- hydrolysis. DNA is likely to interact with a large basic
lytic mechanism cleft, which encompasses the ATP-binding pocket and
domain boundaries, whereas the junction-recognition
h The structure of Sky1p reveals a novel protein RuvA may bind a flexible b-hairpin protruding
mechanism for constitutive activity. Brad from the N-terminal domain. The structures of two sub-
Nolen, Chi Y. Yun, Chung F. Wong, J. Andrew units, related by a noncrystallographic pseudo-2-fold
McCammon, Xiang-Dong Fu, and Gourisankar axis, imply that conformational changes of motor protein
Ghosh. (2001). Nat. Struct. Biol. 8, 176–183. coupled with ATP hydrolysis may reflect motility essen-
tial for its translocation around double-stranded DNA.Sky1p is the only member of the SR protein kinase
(SRPK) family in Saccharomyces cerevisiae. SRPKs are
constitutively active kinases that display remarkable h The structure of the ultraspiracle ligand-
binding domain reveals a nuclear receptorsubstrate specificity and have been implicated in RNA
processing. The authors present the three-dimensional locked in an inactive conformation. Gina M.
Clayton, Sew Y. Peak-Chew, Ronald M.structure of a fully active truncated Sky1p. Analysis of
the structure and structure-based functional studies re- Evans, and John W. R. Schwabe. (2001). Proc.
Natl. Acad. Sci. USA 98, 1549–1554.veal that the C-terminal tail, an unusual Glu residue lo-
cated in the P11 loop, and a unique mechanism for the Ultraspiracle (USP) is the invertebrate homologue of the
positioning of helix aC act together to render Sky1p mammalian retinoid X receptor (RXR). RXR plays a
constitutively active. The modeled complex with a pep- uniquely important role in differentiation, development,
tide substrate helps to illustrate the molecular basis and homeostasis through its ability to serve as a hetero-
for substrate recognition by this kinase and suggests dimeric partner to many other nuclear receptors. RXR
a mechanism by which SRPKs catalyze a sequential is able to influence the activity of its partner receptors
phosphorylation reaction of the consecutive RS dipep- through the action of the ligand 9-cis retinoic acid. In
tide repeats characteristic of mammalian SRPK sub- contrast to RXR, USP has no known high-affinity ligand
strates. and is thought to be a silent component in the hetero-
dimeric complex with partner receptors such as the ec-
h A domain-swapped RNase A dimer with dysone receptor. The authors report the 2.4 A˚ crystal
implications for amyloid formation. Yanshun structure of the USP ligand-binding domain. The struc-
Liu, Giovanni Gotte, Massimo Libonati, and ture shows that a conserved sequence motif found in
David Eisenberg (2001). Nat. Struct. Biol. 28, dipteran and lepidopteran USPs, but not in mammalian
211–214. RXRs, serves to lock USP in an inactive conformation.
It also shows that USP has a large hydrophobic cavity,Bovine pancreatic ribonuclease (RNase A) forms two
types of dimers (a major and a minor component) upon implying that there is almost certainly a natural ligand
for USP. This cavity is larger than that seen previouslyconcentration in mild acid. These two dimers exhibit
different biophysical and biochemical properties. Earlier for most other nuclear receptors and has partial occu-
pancy by a bound lipid, which is likely to resemble thewe reported that the minor dimer forms by swapping its
N-terminal a-helix with that of an identical molecule. natural ligand for USP.
Here we find that the major dimer forms by swapping
its C-terminal b-strand, thus revealing the first example h Mapping the early steps in the pH-induced
conformational conversion of the prionof three-dimensional (3D) domain swapping taking place
in different parts of the same protein. This feature per- protein. Darwin O. V. Alonso, Stephen J.
DeArmond, Fred E. Cohen, and Valeriemits RNase A to form tightly bonded higher oligomers.
The hinge loop of the major dimer, connecting the Daggett (2001). Proc. Natl. Acad. Sci. USA 98,
2985–2989.swapped b-strand to the protein core, resembles a short
segment of the polar zipper proposed by Perutz and Under certain conditions, the prion protein (PrP) under-
suggests a model for aggregate formation by 3D domain goes a conformational change from the normal cellular
swapping with a polar zipper. isoform, PrPC, to PrPSc, an infectious isoform capable
of causing neurodegenerative diseases in many mam-
mals. Conversion can be triggered by low pH, and in
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vivo this appears to take place in an endocytic pathway h Structure of a Bag/Hsc70 complex: convergent
functional evolution of Hsp70 nucleotideand/or caveolae-like domains. It has thus far been im-
possible to characterize the conformational change at exchange factors. Holger Sondermann,
Clemens Scheufler, Christine Schneider,high resolution by experimental methods. Therefore, to
investigate the effect of acidic pH on PrP conformation, Jo¨rg Ho¨hfeld, F.-Ulrich Hartl, and Ismail Moarefi
(2001). Science 291, 1553–1557.we have performed 10-ns molecular dynamics simula-
tions of PrPC in water at neutral and low pH. The core Bag (Bcl2-associated athanogene) domains occur in
of the protein is well maintained at neutral pH. At low pH, a class of cofactors of the eukaryotic chaperone 70
however, the protein is more dynamic, and the sheet-like kDa heat shock protein (Hsp70) family. Binding of the
structure increases both by lengthening of the native Bag domain to the Hsp70 adenosine triphosphatase
b sheet and by addition of a portion of the N terminus to (ATPase) domain promotes adenosine 5’-triphosphate-
widen the sheet by another two strands. The side chain dependent release of substrate from Hsp70 in vitro. In a
of Met-129, a polymorphic codon in humans associated 1.9 A˚ crystal structure of a complex with the ATPase of
with variant Creutzfeldt-Jakob disease, pulls the N ter- the 70 kDa heat shock cognate protein (Hsc70), the Bag
minus into the sheet. Neutralization of Asp-178 at low domain forms a three-helix bundle, inducing a confor-
pH removes interactions that inhibit conversion, which mational switch in the ATPase that is incompatible with
is consistent with the Asp-178-Asn mutation causing nucleotide binding. The same switch is observed in the
human prion diseases. bacterial Hsp70 homolog DnaK upon binding of the
structurally unrelated nucleotide exchange factor GrpE.
h Reverse engineering the (a/b)8 barrel fold. J. A. Thus, functional convergence has allowed proteins with
Silverman, R. Balakrishnan, and P. B. Harbury different architectures to trigger a conserved conforma-
(2001). Proc. Natl. Acad. Sci. USA 98, 3092–3097. tional shift in Hsp70 that leads to nucleotide exchange.
The (a/b)8 barrel is the most commonly occurring fold
h Crystal structure of the 100 kDa arseniteamong protein catalysts. To lay a groundwork for engi-
oxidase from Alcaligenes faecalis in twoneering novel barrel proteins, we investigated the amino
crystal forms at 1.64 A˚ and 2.03 A˚. Paul J. Ellis,acid sequence restrictions at 182 structural positions of
Thomas Conrads, Russ Hille, and Peter Kuhnthe prototypical (a/b)8 barrel enzyme triosephosphate
(2001). Structure 9, 125–132.isomerase. Using combinatorial mutagenesis and func-
tional selection, we find that turn sequences, a-helix Arsenite oxidase from Alcaligenes faecalis is a molybde-
capping and stop motifs, and residues that pack the num/iron protein involved in the detoxification of arse-
interface between b-strands and a-helices are highly nic. The crystal structure consists of a large subunit of
mutable. Conversely, any mutation of residues in the 825 residues and a small subunit of approximately 134
central core of the b-barrel, b-strand stop motifs, and residues. The large subunit contains a Mo site, con-
a single buried salt bridge between amino acids R189 sisting of a Mo atom bound to two pterin cofactors, and
and D227 substantially reduces catalytic activity. Four a [3Fe-4S] cluster. The large subunit of arsenite oxidase
positions are effectively immutable: conservative single is similar to other members of the DMSO reductase
substitutions at these four positions prevent the mutant family but is unique in having no covalent bond between
protein from complementing a triosephosphate iso- the polypeptide and the Mo atom. The small subunit
merase knockout in Escherichia coli. At 142 of the 182 has no counterpart among known Mo protein structures
positions, mutation to at least one amino acid of a seven- but is homologous to Rieske domains.
letter amino acid alphabet produces a triosephosphate
isomerase with wild-type activity. Consequently, it h Restriction enzyme BsoBI-DNA complex: a
seems likely that (a/b)8 barrel structures can be encoded tunnel for recognition of degenerate DNA
with a subset of the 20 amino acids. Such simplification sequences and potential histidine catalysis.
would greatly decrease the computational burden of Mark J. van der Woerd, John J. Pelletier,
(a/b)8 barrel design. Shuang-yong Xu, and Alan M. Friedman (2001).
Structure 9, 133–144.
h A comparison of salts for the crystallization of BsoBI is a thermophilic restriction endonuclease that
macromolecules. Alexander McPherson exhibits both base-specific and degenerate recogni-
(2001). Protein Sci. 10, 418–422. tion within the sequence CPyCGPuG. The crystal struc-
ture of BsoBI complexed to cognate DNA reveals sev-Thirty-one proteins and viruses that the authors knew
from experience could be crystallized were investigated. eral unprecedented features. Each BsoBI monomer is
formed by inserting a helical domain into an expandedEach protein or virus was subjected to a crystallization
screen of 12 different salts. Eight macromolecules failed EcoRI-type catalytic domain. DNA is completely encir-
cled by a BsoBI dimer. Recognition sequence DNA liesto crystallize at all from any salt and were omitted from
consideration. From the remaining 23 proteins, each salt within a 20 A˚ long tunnel of protein that excludes bulk
solvent. Interactions with the specific bases are madewas scored according to how many proteins and viruses
it successfully crystallized. Among several results, one in both grooves through direct and water-mediated hy-
drogen bonding. A catalytic mechanism employing Hiswas particularly striking. Sodium malonate clearly was
much more successful than any other salt, resulting in and two metal ions is proposed.
the crystallization of 19 of the 23 macromolecules, al-
most twice as effective as the next most successful salt.
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h The crystal structure of an asymmetric
complex of the two nucleotide binding
components of proton-translocating
transhydrogenase. Nick P. J. Cotton, Scott A.
White, Sarah J. Peake, Sean McSweeney, and
J. Baz Jackson (2001). Structure 9, 165–176.
Transhydrogenase, found in animal mitochondria and
bacteria, links the redox reaction between NAD(H) and
NADP(H) to proton translocation across a membrane.
The redox reaction takes place between two protein
components located on the membrane surface: dI,
which binds NAD(H), and dIII, which binds NADP(H).
The high-resolution crystal structure of a dI:dIII complex
from Rhodospirillum rubrum reveals a heterotrimer, hav-
ing two polypeptides of dI and one of dIII. The loop
on dIII that binds the nicotinamide ring of NADP(H) is
inserted into the NAD(H) binding cleft of one of the dI
polypeptides. The redox step is readily visualized; the
NC4 atoms of the nicotinamide rings of the bound nucle-
otides are brought together to facilitate direct hydride
transfer with A-B stereochemistry.
h Crystal structures of the HslVU peptidase-
ATPase complex reveal an ATP-dependent
proteolysis mechanism. J. Wang, J. J. Song,
M. C. Franklin, S. Kamtekar, Y. J. Im, S. H.
Rho, I. S. Seong, C. S. Lee, C. H. Chung, and
S. H. Eom (2001). Structure 9, 177–184.
The bacterial heat shock locus HslU ATPase and HslV
peptidase together form an ATP-dependent HslVU pro-
tease. The crystal structure of HslVU with an HslU hex-
amer bound at one end of an HslV dodecamer shows
that binding opens both HslV central pores and induces
asymmetric changes in HslV, suggesting a protein un-
folding-coupled translocation mechanism. In this mech-
anism, unfolded polypeptides are threaded through the
aligned pores of the ATPase and peptidase and translo-
cated into the peptidase central chamber.
